(12) 



UK Patent Application „ S ,GB ,,,,2 315452 „ 3 ,A 



(43) Date of A Publication 04.02.1998 



(21) Application No 9715438.9 

(22) Date of Filing 22.07.1997 



(30) Priority Data 

(31) 08684635 



(32) 22.07.1996 (33) US 



(71) Applicant(s) 

Smith International Inc 

(Incorporated in USA - Delaware) 

16740 Hardy Street Houston, Texas 77032. 
United States of America 

(72) lnventor(s) 

Stephen G Southland 

(74) Agent and/or Address for Service 
Saunders & Dolleymore 

9 Rickmansworth Road, WATFORD, Herts, WD1 7HE, 
United Kingdom 



(51) INT CL 6 

B29C 67/00 

(52) UK CL (Edition P) 

B5A ATXP AT3P A1R130 A1R151 A1R164 A1R165 
A1R168A1R214HA1R314C3 A1R322 A1R413 A1R441 
A2A4F A2A4X A2E12B A2E12C 
U1SS1647 



(56) Documents Cited 
EP 0606627 A1 
US S433280 A 
US 4944817 A 



WO 96/11117 A1 
US 5088047 A 



WO 92/08567 A 
US 5031483 A 



(58) Field of Search 

UK CL (Edition O ) B5A ATXP AT12P AT3P AT9P 

INT CL 6 B29C 67/00 

OnlineiWPI 



(54) Manufacture of earth boring drill bits 

(57) A mold 24 is formed for an earth boring bit 26 by 
designing the bit geometry in three dimensions using a 
computer aided design (CAD) system and then feeding the 
geometry data of the design to a layering device. The 
layering device then builds the mold a layer 20 at a time. 
Materials used in building the mold include, sand, 
graphite, ceramic, clay, other refractory materials, plastic, 
rubber and wax. Once the mold is formed, powdered steel 
or tungsten carbide is poured into the mold and is cured 
by press molding or infiltrating with a binder forming a bit 
body. Cutting elements are then inserted in the bit body 
forming the earth boring bit. 

In alternative methods described (i) a wax model of 
a bit body is formed by CAD layering, a mould is formed 
from that model and a bit body finally formed in the 
mould, <ii) formers are formed by CAD layering and 
interconnected to form a secondary mould from which a 
primary mould is formed, a bit body being formed in that 
primary mould and (iii) a master mould is formed by CAD 
layering, a master bit body formed in that mould, a 
secondary mould formed from the master bit body and a 
desired bit body formed in that secondary mould. 
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i 

RAPID MANUFACTURING OF DRILL BIT MOLDS 

5 Earth boring drill bits, such as polycrystalline diamond composite insert drag bits are used 

for drilling earth formations. For optimum drilling efficiency, the design of the bit is tailored for 
the type of earth formation to be drilled. This requires that the earth formation be analyzed and 
a bit geometry be designed. Once the bit is designed, a mold must be built for forming the bit. 
To save time, it has been suggested that the process of rapid prototyping be used to build 

1 0 a bit. See for example, U.S. Patent No. 5,433,280. This process builds the bit a layer at a time. 
Each layer is bonded to previous layer. The bonding may be caused by sintering subsequent 
layers together. This layer by layer sintering results in a bit that is weaker than a bit 
conventionally formed using a mold. 

Rapid prototyping techniques, as the name suggests, are used to develop a prototype 

15 which has been designed in three dimensions using a computer aided design (CAD) system. 
These prototypes are used to evaluate the design and do not have the precise tolerances that are 
required of bits. As a result, a bit manufactured using this process may have to be machined to 
proper tolerances. 

Accordingly, a process for building a bit is desired that reduces the time required to build 
20 a bit after a formation to be drilled has been analyzed, that uses existing bit materials, and which 
provides for precise tolerances. 

This invention relates to a method for forming a mold which is used to form earth boting 
25 bits, such as polycrystalline diamond compact (PDC) insert drag bits. Once an earth formation 
to be drilled is analyzed, a three dimensional solid model of the bit is designed using a computer 
aided design (CAD) system. The system feeds the geometry data of the bit design to a layering 
device. The layering device divides the solid model in thin cross-sectional layers (also referred 
herein as CAD layers) revealing a cross-sectional outer mold line. It then proceeds to build the 
30 mold a layer at a time, such that each layer defines an inner mold line which is identical to the 
outer mold line of a corresponding CAD layer. Materials to be used for forming the mold 
include sand, graphite, ceramics, clay, other refractory materials plastic, rubber and wax. With 
the exception of the plastic, rubber and wax, the mold materials may be coated with a binder or 
a resin which allows for the melting of the binder or resin for fusing the mold material to 
35 construct a green state mold. Fusing of the mold material to construct a green state mold or 
sintering of the mold material can be accomplished by exposure of the mold material to high 
temperatures or C0 2 gas. 
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In one embodiment, a laser beam is used to trace a layer of mold material having a 
thickness equivalent to that of a corresponding CAD layer. The laser traces the mold material 
defining an inner mold line which is identical to the outer mold line of a corresponding 
CAD layer. The laser beam can sinter or fuse the mold material layer. In another embodiment, 
the layering device lays out a precise layer of mold material defining an inner mold line identical 
to the outer mold line of a corresponding CAD layer. With this embodiment, each subsequent 
layer is exposed to a high temperature to either fuse or sinter the layers together. In a further 
embodiment, a model of the CAD bit design is built by the layering device using wax. The wax 
model is suspended in a mold casing in which is poured a mold material. The mold material is 
then cured to a green state and the wax is heated to a gaseous state so that it evaporates revealing 
the mold. 

In yet a further embodiment, the layering device is used to construct reusable flexible 
formers using a flexible i.e.. plastic or rubber material. The formers are used to form a mold or 
portions of a mold which is then used to form the bit. 

In an alternate embodiment, the layering device is used to construct a master bit from 
preferably rubber or plastic. The master bit is then used to form molds from which are formed 
the bit bodies. 

Once a mold is formed, a powdered steel or tungsten bit material is poured into the mold 
and is press molded or infiltrated with a binder to form the bit. 

Brief Description of the Drawings 

FIG. 1 depicts a flow chart for forming a mold using a layering device which is fed data 
from a CAD system. 

FIG. 2 depicts formers and junk slot drop-ins formed by the formers. 

FIG. 3 depicts a flow chart for forming a mold using a wax bit model formed by a layering 
device which is suspended in a mold assembly. 

The invention relates to a method for forming a mold which is used to build earth boring 
bits such as polycrystalline diamond compact (PDC) insert drag bits, roller cone and percussion 
bits. For descriptive purposes only reference to a PDC insert drag bit is made herein. However, 
as it would become obvious to one skilled in the art, the method described herein can be used to 
form all type of earth boring bits. These bits have bodies onto which are mounted cutting 
elements, such as PDC inserts or rotary cutter cones in case of a PDC drag bit or rotary cone bit, 
respectively. 

An earth formation to be drilled is analyzed to determine the optimum design for the bit. 
Based on this analysis, a bit geometry is designed in three dimensions using a conventional 
computer aided design (CAD) system. The three dimensional design is commonly referred to 



1 as a solid model. The CAD system may not generate a totally new bit design, but more usually, 
the designer simply makes modifications in angles, curvatures and dimensions to an existing 
design to adapt the design for drilling a specific earth formation. 

The CAD system then generates a geometry design of a mold for producing the bit. In 

5 an alternate embodiment, the mold is designed directly with the CAD system. In a further 
embodiment, a mold is designed in sections which interconnect to form the mold. In another 
embodiment reusable formers are designed which are used as a secondary mold for forming a 
primary mold which is used for forming the bit. The formers can be used for forming a section 
of the primary mold. These sections are then connected to form the primary mold. Or, the 

10 formers can be connected for forming the primary mold as a single unit. The formers can also 
be used to form junk slot, blank or nozzle drop-ins. These drop-ins are sometimes referred to 
as "patterns." The drop-ins are used in conjunction with a mold for the purpose of forming 
openings, cavities or passages in the bit formed as a complement to the moid. In yet a further 
embodiment, the drop-ins are designed directly using the CAD system. Such variations will be 

1 5 apparent from the following description. 

Referring to FIG. 1 , each bit design 1 0 generated with the CAD system 1 2 has a geometry 
data file associated with it. The geometry data file contains data defining the geometry of the 
generated bit design. The geometry data file can be stored and later retrieved if earth formations 
need to be drilled -which require a similar bit geometry. 

20 The geometry data is passed to a conventional layering device 14 which is used to build 

a mold, a section of a mold, or a former which will be used to construct a mold. The layering 
device divides the solid model using horizontal planes 16 into thin cross-sectional, two- 
dimensional, layers revealing a cross-sectional outer mold line 1 8 of the desired bit shape. The 
device then builds the mold one layer at a time with the inner mold line of the mold being the 

25 exact complement of the outer mold line of the desired bit. Typical layers have thicknesses 
ranging from 0.003 to 0.020 inches. 

The technique of using a layering device to build a structure designed by a CAD system 
is commonly used for the fabrication of prototype three dimensional objects and is commonly 
referred to as a "rapid prototyping process." With the present invention, however, the technique 

30 is used to build a mold or formers for forming a mold for a drag bit. not a prototype. The 
advantage of using the layering device to build a mold and not an actual part is that dimensional 
precision is required only on the mold surfaces, i.e., the surfaces of the mold that are used for 
producing the bit. The outer surface of the mold can be quite irregular and bear little relation to 
the inner mold line. Another advantage of using this technique is that it can be used in 

35 conjunction with current bit materials for forming the bits. 

There are various layer building techniques that can be embodied in building a mold or 
mold sections. In one embodiment, laser sintering is used in forming the mold a layer at a time. 
With this embodiment a thin layer of mold material 20 is laid on a platform. The mold material 
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1 can be sand, graphite, ceramic, clay, other refractory material, plastic, rubber or wax. A laser 
is then used to trace a respective CAD solid model outer mold line as the mold material layer 
inner mold line 22, sintering the mold material to construct a cross-section of the mold having 
the traced inner mold line. Another layer of mold material is then laid on top of the formed mold 

5 layer and the process is repeated until a mold 24 is built. 

In the preferred embodiment, the mold material i.e., sand, graphite, ceramic, clay, or other 
refractory material is coated with a resin or a binder. With this embodiment, the tracing laser is 
used to fuse the coating or the binder by heating the mold material to the melting temperature 
of the coating or binder, which is lower than the melting temperature of the refractory material, 

10 thereby fusing the coating or binder. This results in the bonding of the refractory material 
particles, as well as the bonding of adjacent layers resulting in a "green" state mold which can 
be easily machined when necessary to assure precise tolerances in dimensionally critical areas. 

A green state part is a part which has not been cured to its final state but which has been 
cured sufficiently to allow for handling and machining. The advantage in building a green mold 

1 5 first is that a green mold is easier to machine, for achieving the required tolerances, than a fully 
cured mold. The consistency of the green state mold can be controlled by varying the coating 
or binder, the infiltrant, or the mold materials used or by controlling the temperature to which 
the coating or binder is exposed. j 

In another embodiment, the layering device precisely lays a mold material layer defining 

20 a mold cross-sectional shape having an inner mold line 22 equivalent to the outer mold line 1 8 
of a corresponding CAD solid model layer. The layering device precisely lays mold material 
constructing a layer with a thickness equal to that of a corresponding CAD solid model layer 
wherein the layer has an inner mold line equivalent to the corresponding CAD layer outer mold 
line. 

25 With this embodiment, the mold material used to construct each layer may still be sand, 

graphite, ceramic, clay, or other refractory material coated with a resin or a binder. As each layer 
is laid, the layer is subjected to the melting temperature of the coating or binder, fusing the 
coating or binder, and bonding the layer mold material together as well as with other layers for 
forming a green state mold. As with the previous embodiment, the mold material layers can also 

30 be sintered to directly construct a mold in its final cured state. In such case, the mold material 
used to construct the mold may not be coated with a resin or binder and may be a plastic, rubber 
or wax type material. 

As an alternative to this embodiment, the present technique is used to form the bit directly. 
Preferably the bit is formed from plastic or rubber. The bit formed can be machined if necessary 
35 to achieve precise tolerances. The plastic or rubber bit can then be used to make several 
identical molds. 

In another embodiment, the layering device is used to build formers. The formers are 
typically made from a flexible material such as plastic. The formers are connected together to 



1 form a secondary mold which is used to form a primary mold which is used to form the bit. The 
formers can be used to form sections of the primary mold which are then connected to form the 
primary mold, or they can be used to form an unitary primary mold. The formers 30 (FIG. 2) can 
also be used to foim junk slot drop-ins 32 or other blank or nozzle drop-ins (not shown) or other 

5 patterns for forming voids, passages or the like in a drag bit. 

The formers can be self interlocking or they may require external fastening means for 
interconnecting. As with the mold geometries discussed above, the former geometry passed to 
the layering device may be generated by the CAD system as a complement to a CAD designed 
bit geometry or may be designed directly using the CAD system. Typically, the formers are layer 

1 0 formed from plastic or rubber material. The advantage of using formers is that they are reusable. 
Only a small amount of plastic material is used to form the formers. As such, they provide a 
quick and relative inexpensive way of producing a mold. Since they are not used to form the bit 
directly, their tolerances do not need to be as tight as those of the mold which is used to form the 
bit. Once a primary mold is formed using the formers, the mold can be machined to precise 

1 5 tolerances. 

To form the mold using the formers, a mold material which preferably may contain sand ? 
graphite, ceramic or clay coated with a resin or binder is poured into the secondary mold formed 
by connecting the formers. The mold material is then infiltrated with C0 2 gas which reacts with 
the coating or binder for setting the mold to either a green state or a final state. Infiltration with 

20 C0 2 is preferable since the temperatures required for setting the mold may be higher than the 
melting temperature of the former material. Once the mold is set, the formers are removed. 

In another embodiment shown in FIG. 3, a wax model 34 is formed identical to a CAD 
solid model bit design with the layering device 14. The wax is precisely laid through a 
conventional layering device. After it is formed, the wax mold is suspended in a mold 

25 assembly 36. A mold assembly is a bucket-like case. Liquid or particulate mold material 38 is 
poured between the case walls and the wax model. The mold material may contain powders, 
liquids, sand, graphite, ceramic, clay, plastic or rubber. As with the previous embodiments, the 
particulate mold materials may have a binder or resin coating. The mold assembly is cured to 
its final state and the wax is melted from the mold or heated to a gaseous state whereby the gas 

30 evaporates and the cured mold material defines the bit forming mold 24. This is analogous to 
a lost wax process, except that the wax model is made by a CAD layering technique. 

In a further embodiment, the mold material in the mold assembly is cured to a green state 
at which point the wax is removed from the assembly either by melting or heating to a gaseous 
state, revealing a green state mold. The green state mold is machined, if necessary, to achieve 

35 proper tolerances and then cured to its final state. 

In yet a further embodiment, a wax mold is built using the layering device as described 
in the embodiments above and as shown in FIG. 1 . The wax mold 24 has an opening 25 to allow 
for pouring of the bit material which will form the bit. The bit material is poured into the mold 
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1 opening and the mold and bit material are partially cured for forming a "green" bit head. The 
wax mold surrounding the bit head is then heated to a liquid state so that it flows from the bit 
head. 

By forming a green state mold, the mold being "soft" may be easily machined to precise 
5 tolerances. After proper tolerances are achieved, the mold can be further cured to its final state. 
This can be accomplished by infiltrating the mold with or without a binder, or CO. gas, or press 
molding it cold or at temperature with or without a binder, or heating it. 

In an alternate embodiment, a mold produced as per any aforementioned embodiment can 
be used to produce a mold for producing a master bit from preferably plastic or rubber materials. 
1 0 The master bit can then be used to produce duplicate molds. 

Moreover, it should be apparent to one skilled that the drop-ins or patterns can be build 
as per any of the aforementioned embodiments. For example, a layering building technique can 
be used to form a drop-in from sand, graphite, ceramic, clay, other refractory material, plastic, 
rubber, or wax. 

1 5 Typically, to remove a mold from a part formed as its complement, it is required that the 

mold be broken or "crumbled" off. It is, therefore, a recommended practice that the mold is not 
infiltrated or cold-pressed with a strong binder so that it does not set in a very hard state where 
breakage or "crumbling" of the mold off a part is difficult. The consistency of the mold can be 
tailored and is a function of the mold material and material coatings used to form the mold, the 

20 infiltrants used and the curing temperatures to which the mold is subjected. Thus, with the 
described embodiments, molds can be formed which vary in consistency from very soft and very 
pliable, to very hard and not pliable. 

In all of the described embodiments, powdered steel or tungsten carbide is poured into the 
mold opening 25 to form the bit 26. The mold and the bit material in the mold are cured to form 

25 a green state bit. In an alternate embodiment, a mold made of plastic or rubber material in 
accordance with any of the aforementioned embodiments is used to press mold a green bit 
without exposure to high temperature. In other words, the moid is filled with the powdered steel 
or tungsten carbide material with or without a binder and then is press molded, either cold or at 
temperature, to form a green state bit. 

30 The green bit is then removed from the mold. If necessary the bit can be machined to 

appropriate tolerances. The bit is then pressed or infiltrated with a binder whereby it is in its 
final state as an integral body. The bit may also be pressed or infiltrated with a binder while in 
the mold. PDC inserts or other cutting elements may then be mounted on the bit body. 

Although this invention has been described in certain specific embodiments, many 

35 additional modifications and variations will be apparent to those skilled in the art. It is, 
therefore, understood that within the scope of the appended claims, this invention may be 
practiced otherwise than specifically described. 
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CLAIMS 

!• A method for making an earth boring bit having 

cutting elements , the method comprising the steps of: 

determining a bit body geometry desired for 
5 drilling a specific earth formation; 

generating a computer aided design of the bit 
body geometry; 

employing an automated layering device for 
constructing a mould based on the computer aided design; 
10 forming a bit body in the mould having the 

desired geometry as a complement to the mould; and 

mounting cutting elements on the bit body. 
2. A method as claimed in Claim 1 further 

comprising the step of machining the mould to desired 
15 dimensions before forming the bit body. 

3- A method as claimed in Claim 1 or Claim 2 

wherein the employing step comprises: 

dividing the computer aided geometry design into 
a plurality of layers wherein each layer defines a bit 

2 0 geometry cross-section outer mould line; 

laying a layer of mould material having a 
thickness equal to a thickness of a corresponding computer 
aided geometry design layer; and 

tracing the outer mould line of a corresponding 
25 computer aided geometry layer as an inner mould line on 

the mould material layer with a laser beam for bonding the 
material traced. 

4. A method as claimed in Claim 3 wherein the 
tracing step comprises the step of sintering the material 

3 0 traced. 

5. A method as claimed in Claim 3 or Claim 4 
wherein the step of dividing comprises the step of 
dividing the computer aided geometry design into layers 
having a thickness in the range of from about 0.003 to 

35 0.020 inches. 
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6. A method as claimed in any of Claims 3 to 5 
wherein the step of laying a layer of mould material 
comprises laying a layer of material selected from the 
group consisting of sand, graphite, ceramics, clay, other 

5 refractory materials, plastics, rubbers and waxes. 

7. A method as claimed in any of Claims 3 to 6 
wherein the step of laying a layer of material comprises 
the step of laying a layer of particulate material coated 
with a resin or binder and wherein the tracing step 

10 comprises the step of fusing the coating or binder for 

bonding the material particles together and to an adjacent 
material layer for forming a green state mould. 

8. A method as claimed in Claim 1 or Claim 2 
wherein the employing step comprises: 

15 dividing the computer aided geometry design into 

a plurality of layers wherein each layer defines a bit 
geometry cross-section outer mould line; 

laying a layer of material having a cross- 
sectional inner mould line corresponding to a respective 
20 computer aided design geometry layer outer mould line; and 

bonding the layer to an adjacent layer. 

9. A method as claimed in Claim 8 wherein the 
bonding step comprises the step of sintering the layer of 
material. 

25 10. A method as claimed in Claim 8 wherein the 

bonding step comprises fusing a resin or binder coated on 
the material to form a green state mould. 

11. A method as claimed in any preceding claim 
wherein the employing step comprises the step of forming a 

30 green state mould and further comprising the step of 
curing the green state mould. 

12. A method as claimed in Claim 11 wherein the step 
of curing the green state mould comprises the step of 
heating the green state mould. i 

35 13. A method as claimed in Claim 11 wherein the step 
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of curing the green state mould comprises the step of 
press moulding the green state mould. 

14. A method as claimed in Claim 11 wherein the step 

of curing the green state mould comprises the step of 
5 infiltrating the green state mould with C0 2 gas. 

15 • A method as claimed in any preceding claim 

further comprising the steps of: 

generating a computer aided design of a drop-in; 

employing the layering device for constructing 
10 formers for forming the drop-ins for the mould responsive 
to the computer generated design; 

interconnecting the formers to form a second 

mould; 

forming a drop-in as a complement to the second 

15 mould; and 

placing the drop-ins in the mould prior to 
forming the bit body. 

16 • A method as claimed in any of Claims 1 to 14 

further comprising the steps of: 

20 generating a computer aided design of a drop-in; 

employing the layering device for constructing 
drop-ins for the mould responsive to the computer 
generated design; and 

placing the drop-in in the mould prior to 

25 forming the bit body. 

I 7 - A method as claimed in any of the preceding 

claims wherein the employing step comprises constructing a 
plurality of sections of a mould employing an automated 
layering device and the method further comprises 

30 assembling a plurality of the sections for constructing 
the mould. 

18 • A method as claimed in any of the preceding 

claims wherein the forming step comprises the steps of: 
placing powder in the mould selected from the 
35 group consisting of steel and tungsten carbide; and 
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binding the powder into an integral body. 
19, A method as claimed in Claim 18 wherein the 

binding step comprises the step of press moulding the 
powder . 

5 20. A method as claimed in Claim 18 wherein the 

binding step comprises the step of infiltrating the powder 
with a binder. 

21. A method for making an earth boring bit having 
cutting elements comprising the steps of: 

10 determining a bit body geometry desired for 

drilling a specific earth formation; 

generating a computer aided design of the bit 
body geometry; 

employing an automated layering device for 
15 constructing a wax model based on the computer aided 
design; 

forming a mould as a complement to the wax 

model ; 

forming a bit body having the determined 
20 geometry as a complement to the mould; and 

mounting cutting elements on the bit body. 

22. A method as claimed in Claim 21 wherein the 
forming a mould step comprises the steps of: 

suspending the wax model in a mould assembly; 
25 pouring a mould material in the mould assembly 

around the suspended wax model; 

curing the mould material; and 
removing the wax model, revealing a mould 
complementary to the wax model. 
30 23. A method as claimed in Claim 22 wherein the 

removing step comprises the step of heating the wax to a 
fluid state. 

24. A method as claimed in Claim 22 wherein the 

removing step comprises the step of heating the wax to a 
35 gaseous state. 



7670GB 

25. A method as claimed in any of Claims 21 to 24 

wherein the forming a bit step comprises the steps of: 
placing powder metal in the mould; and 
infiltrating the powder with a binder. 
5 26. A method as claimed in any of Claims 21 to 24 

wherein the forming a bit step comprises the steps of: 
' placing powder metal in the mould; and 

press moulding the powder with the mould. 
27. A method for making an earth boring bit 

10 comprising the steps of: 

determining a bit body geometry desired for 
drilling the earth formation; 

generating a computer design of formers for 
forming a secondary mould complementary to a primary 
15 mould; 

employing a layering device for constructing the 
formers based on the computer aided design; 

interconnecting the formers to construct a 
secondary mould; 

2 0 forming a primary mould as a complement to the 

secondary mould; 

forming a bit body having the determined 

geometry as a complement to the primary mould; and 

mounting cutting elements on the bit body. 
25 28. A method as claimed in Claim 27 wherein the step 

of forming a primary mould comprises the step of forming 

sections of the primary mould, the method further 

comprising the step of connecting the primary mould 

sections to form the primary mould. 
30 29. A method as claimed in Claim 27 or Claim 28 

wherein the employing step comprises employing a layering 

device to construct flexible formers. 

30. A method as claimed in any of Claims 27 to 29 

wherein the forming the primary mould step comprises the 

3 5 steps of: 

- 11 - 
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pouring a mould material coated with a resin or 
binder into the secondary mould; and 

setting the mould material by infiltrating it 
with C0 2 gas* 

5 31. A method as claimed in any of Claims 27 to 30 

wherein the forming the bit body step comprises: 

placing powder in the mould selected from the 
group consisting of steel and tungsten carbide; and 
binding the powder into an integral body. 
10 32. A method as claimed in Claim 31 wherein the 

binding step comprises the step of press moulding the 
powder with the mould. 

33. A method as claimed in Claim 31 wherein the 
binding step comprises the step of infiltrating the powder 

15 with a binder. 

34. A method as claimed in any of Claims 27 to 33 
further comprising the steps of: 

employing the layering device for constructing 
formers for forming a drop-in required by the mould; 
2 0 interconnecting the formers to construct a third 

mould; 

forming a drop- in as a complement to the third 

mould; and 

placing the drop-in in the mould. 
25 35. A method for making an earth boring bit having 

cutting elements comprising the steps of: 

determining a bit body geometry desired for 
drilling a specific earth formation; 

generating a computer aided design of the bit 
30 body geometry; 

employing an automated layering device for 
constructing a master mould based on the computer aided 
design; 

forming a master bit body as a complement to the 
35 master mould; 
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forming a secondary mould as complement: to the 
master bit body ; 

j forming a bit body in the secondary mould having 

the desired geometry as a complement to the secondary 
5 mould; and 

mounting cutting elements on the bit body. 
36. A method as claimed in Claim 35 , wherein the 

master bit is made of a material selected from the group 
consisting of rubbers and plastics. 
10 37. A method for making an earth boring bit 

substantially as hereinbefore described with reference to, 
and as illustrated by, the accompanying drawings. 

15 



20 



25 



30 



35 
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